Bovine exocrine pancreas and b h (Rivufw oaellatus marmomtus) liver containing pancreatic acini were apfmed, freeze-dried, and embedded in methacrylate or doubleembedded in celloidin and paraffin. In chemically uniimed sections incubated in aqueous solutions, dissolution of zymogen granules was coincident with loss of tissue structure and antigenicity. Type II-S soybean protease inhibitor at 150 mg/liter during section flotation and in aqueous reagents used for immunohistochemistry prevented these artifacts and allowed the use of more dilute antibody solutions. Loss of glycogen from fish hepatocytes was most rapid in areas adja-109 110 GOODWIN, GRIZZLE
Introduction
The preparation of histological specimens by freeze-drying and chemical vapor fixation began in the late 1800s (Altmann, 1890, as cited in Pearse, 1980) . Since that time, protocols have been developed that preserve the superior enzyme activity and antigenicity of freeze-dried tissues by embedment directly in paraffin (Onetti-Muda, 1991; Stein et al., 1984; Mitrenga et al., 1974; Burstone, 1962) or plastic (Murray et al., 1989; Edelmann, 1986; Childs et al., 1985; Dudek, 1982) without the use of chemical fixation. Despite evidence that proteases, dehydrogenases, esterases, nucleases, and amylase are active in freeze-dried tissues (Murray et al., 1989; Mitrenga et al., 1974; Burstone, 1962; Doyle, 1950) , little consideration has been given to potential effects of endogenous enzymes on the structure and chemistry of hydrated sections.
In this study we used bovine pancreas and liver of mangrove rivulus (teleost fish; Riuuhs ocelhus mamoratus) to demonstrate that endogenous proteases and amylase change cell structure and chemistry, including alteration of hmunohistochemical results. We modified techniques and used enzyme inhibitors to alleviate Supported these problems without sacrificing the advantages gained with chemically unfixed, freeze-dried preparations.
Materials and Methods
Bovine P " s in G l p l Mehaaylate. Bovine exocrine pancreatic tissue (1.5 x 3 x 3 mm) was frozen at -160°C in melting isopentane and then freeze-dried for 72 hr at -5O'C to -70'c in a freeze drier of our own design at a vacuum of less than 10 pm mercury. Infiltration was in glycol methacrylate (Immunobed; Polysciences, Warrington, PA) for 2 days at -20'C with altemating vacuum and hydrosonic agitation. Tissues were embedded in Immunobed with polymerization at -1O'C. Sections were cut at 3 pm with a tungsten knife, floated on drops of distilled water on slides coated with 3-aminopropyltriethoxysilane (Rentrop et al., 1986), then dried for 1 hr at 45'C.
The effects of incubation in aqueous solutions on section structure and antigenicity were examined by comparing four groups of methacrylateembedded sections. One group was stained with ponceau red-methylene blue-basic fuschin (PMB) ( Noyes et al., 1991, modified from Humphrey and Pitman, 1974) directly after the I-hr drying period at 45°C. Another group of slid eswas incubated for 10 hr in Tris-buffered saline, pH 7.4 (TBS), then stained with hematoxylin and eosin (Ha), toluidine blue, fast green, or PMB. A third group was fixed for 5 min in 3% glutaraldehyde, rinsed three times in TBS, and then incubated in TBS for 10 hr before being stained as above. A fourth group of slides was blocked with 100% goat serum and then used for peroxidase-anti-peroxidase (PAP) immunohistochemistry with anti-bovine carboxypeptidasc A (Sigma; St Louis, MO) as the primary antibody. Antibodies were diluted in TBS with 10% goat serum and incubated ' -
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for 4-10 hr. The peroxidase substrate was 3,3'-diaminobenzidine (DAB) and counterstains were H a , toluidine blue, fast green, or PMB.
Fish Liver in Paraffin. Mangrove rivulus liver, which contains pancreatic acini surrounding some of the hepatic portal veins, was frozen and freezedried as described above and then double-embedded (Burstone, 1962) in celloidin (flexible collodion; Fisher Scientific, Pittsburgh, PA) and paraffin (Paraplast Plus; Sherwood Medical, St Louis, MO). The liven were roughly cylindrical, approximately 2 mm in diameter and 5 mm long. Sections were cut 5 pm thick with a steel knife and floated on a 43'C water bath.
The effects of adhesive type and drying temperature on section SUUCture, antigenicity, and glycogen loss were examined. Sections of liver were floated on distilled water and collected on slides coated with 3-aminopropyltriethoxysilane or poly-L-lysine. Slides were allowed to dry at room temperature (RT) or at 45'C for 1 hr. After sections were deparaffinized in Histosol (National Diagnostics; Manville, NJ), they were used for PAP immunohistochemistry, stained with H&E, or stained with aqueous or alcoholic periodic acid-Schiff (PAS) (Humason, 1979) .
For PAP immunohistochemistry, sections were treated for 15 min in 1% H202 in absolute methanol (to remove the celloidin and inactivate endogenous peroxidases), hydrated to distilled water, blocked with 50% goat serum followed by 1% dried milk, and then incubated in antibodies to the Fos oncoprotein (Quality Bioscience; Camden, NJ). Antibodies were diluted in TBS with 1% goat serum, and 0.01% thimerosal. The total antibody incubation period was 12 hr at 4'C followed by 6 hr at RT. The peroxidase substrate used was DAB with nickel and cobalt (Adams, 1981) . Slides were counterstained with Ha.
To demonstrate that structural and antigenic changes in hepatocytes were related to endogenous proteases, additional sections were floated onto distilled water containing 150 mglliter of trypsin inhibitor from soybeans (type 11-S: soybean soluble powder, crude; Sigma), then collected on slides coated with poly-L-lysine. Slides were stained with H&E or PAS or were used for PAP immunohistochemistry as above. Aqueous solutions used for PAP immunohistochemistry contained 150 mglliter soybean trypsin inhibitor (including antibody solutions and distilled water rinses used in section hydration). An additional group of sections was digested with 1% diastase (Fisher Scientific) 6 hr before PAS staining.
Results
Bovine exocrine pancreas that had been freeze-dried and embedded in methacrylate without chemical fixation stained normally (Figure la) . However, similar sections incubated in TBS for 10 hr before staining had pancreatic acini with colorless nuclei, no zymogen granules, and only faint cytoplasmic staining with eosin or ponceau red ( Figure Ib) . Sections fixed in glutaraldehyde before a 10hr incubation in TBS appeared identical to those stained without TBS incubation ( Figure IC) . Unfixed pancreatic acini were immunohistochemically positive for carboxypeptidase A if sections were incubated for 10 hr in concentrated antibody solutions (1:50 dilution of whole ascites fluid) containing 50% goat serum. The antibody reaction was more pronounced when incubation periods were shortened to a total of 4 hr at RT ( Figure Id) .
Mangrove rivulus liver sections collected on silane-coated slides and dried at RT had no pancreatic zymogen granules, and hepato-cytes adjacent to pancreatic cells had pale nuclear and cytoplasmic staining and loss of cellular detail (Figure 2a ). Bacterial or fungal growth occurred within some sections before evaporation of the water. Sections that were dried quickly on slides coated with poly-Llysine had less structural damage.
Loss of positive PAS reaction in sections was most pronounced in hepatocytes adjacent to pancreatic acini (Figure 2b) . Drying sections quickly on slides coated with poly-Llysine rather than slowly on silane-coated slides reduced loss of PAS-positive material. Further improvement was achieved by using alcoholic periodic acid solutions rather than aqueous. Diastase digestion produced a uniform decrease in the PAS reaction in hepatocytes but no difference in staining intensity related to the proximity of hepatocytes to pancreatic acini was noted.
Without trypsin inhibitor, immunohistochemical staining of celloidin liver sections for Fos protein required a 1:50 dilution of ascites fluid and staining in hepatic nuclei adjacent to pancreatic acini was reduced (Figure 2c ). Sections that were floated onto water containing trypsin inhibitor stained normally with H&E (Fig   ure 2d ), and no artifacts related to pancreatic acini were noted regardless of adhesive or drying schedule. Immunohistochemistry with trypsin inhibitor included in the aqueous solutions required only a 1300 dilution of antibody to Fos. The trypsin inhibitor also resulted in a uniform staining for Fos protein, with no loss of staining in areas adjacent to pancreatic acini.
Discussion
Trypsin, chymotrypsin, carboxypeptidase A and B, and other proteolytic enzymes are present in zymogen granules in pro-enzyme forms that are normally activated in the intestine by enterokinase (Neurath, 1975) . There is also a low-level activation of trypsin within the pancreas that is controlled by endogenous protease inhibitors (Polgiir, 1989 ).
It appears that in sections of pancreas that have not been chemically fixed, the endogenous inhibitor is inactive or insufficient to prevent trypsin activation of pro-enzymes, leading to the dissolution of zymogen granules and subsequent proteolytic damage to surrounding tissue. This effect was particularly obvious when incubation times used in immunohistochemical procedures were lengthened. Fixation of the section or use of trypsin inhibitors prevented the activation of proteolytic enzymes and subsequent loss of tissue structure and Fos antigenicity.
Endogenous proteases can interfere with immunohistochemical procedures not only because of proteolysis of the target antigen but also because of digestion of antibodies in incubating solutions. The high concentration of antibody needed to identlfy carboxypeptidase A and Fos protein in methacrylate and celloidin sections and the decreased concentration of antibody needed in the presence of trypsin inhibitor were probably necessary because of digestion of these antibodies by endogenous proteases. The beneficial effect of a (Neurath, 1989) .
The time required for sections to dry onto microscope slides was dependent on the adhesive used and affected the degree of protease damage. Plastic sections floated freely on water droplets and dried quickly before protease damage could occur, so protease inhibitors in the droplets were not necessary. The edges of paraffin sections sealed tightly to slides coated with silane adhesives, trapping water under the section; this greatly increased the drying time and hence the time available for protease damage. The changes caused by proteases were also more pronounced when evaporation of the water took place slowly at RT rather than on a hotplate. Poly-L-lysine adhesive did not cause water to be trapped and, in combination with quick drying, prevented damage to the cell structure and antigenicity before removal of the embedding medium.
The combination of poly-L-lysine and quick drying also prevented microbial growth. Fungal and bacterial growth can occur on unfixed freeze-dried sections if drying times are protracted. Microbes will also grow on sections during incubation in buffer solutions unless thimerosol is included in the antibody buffer.
We attribute the loss of PAS staining intensity in areas adjacent to pancreatic acini to the digestion of hepatic glycogen by pancreatic amylase. The use of alcoholic solutions apparently inhibited the activity of amylase during periodic acid oxidation. Our diastase digestion demonstrated that the reduction of PAS-positive material in areas adjacent to pancreatic acini was due to a loss of glycogen rather than to the removal of other PAS-positive material by pancreatic proteases. Enhancement of glycogen loss by protease digestion of cytoplasmic structures cannot be completely discounted in the absence of a specific inhibitor of amylase activity.
Although proteases (Demartino, 1989; Polgar, 1989; Walsh, 1975) and other potentially damaging enzymes are present in many tissues, problems with tissues of the digestive system are probably the most pronounced. Proteases inhibitors, which could be used to stabilize unfixed tissue, have been extensively reviewed (North, 1989; Polglr, 1989; Heimburger, 1975) . Trypsin and chymotrypsin are easily inhibited by dried extracts of soybeans or aprotonin, but aprotonin is more expensive. Phenylmethanesulfonyl fluoride (PMSF) is comparable to soybean trypsin inhibitor in cost but is toxic and forms covalent bonds between peptides that might interfere with antibody-antigen interactions. Carboxypeptidase A is inactivated by drying, and gastric pepsin is inhibited by the basic pH of antibody buffers.
Although chemically unfixed freeze-dried tissues combine the enzyme activity and antigenicity of frozen sections with the morphological characteristics of celloidinor plastic-embedded tissue (Murray et al., 1989; Stein et al., 1984) , the effects of active and potentially mobile enzymes on section chemistry and structure must be considered when protocols using chemically unfixed tissues are developed. Examples of potential problems caused by endogenous enzymes include effects of endogenous kinases on enzyme histochemistry, effects of nucleases on in situ hybridization with nucleic acid probes, and effects of cathepsins and lysosomal enzymes on cell structure in tissues other than those of the digestive system.
